Diagnostics using next generation sequencing (NGS) requires high-quality interdisciplinary collaboration. In order to gain insight into this crucial collaborative process, we made video recordings of a new multidisciplinary team at work in the clinical genetics department of the University Medical Centre Groningen. Conversation Analysis was used to investigate the ways in which the team members deal with the disciplinary boundaries between them. We found that the team established different 'participation frames' in which to discuss recurring topics. Patients were discussed only by the medical doctors, whereas results of genetic tests were discussed by doctors, molecular biologists and genetic laboratory technicians. Information technology (IT) aspects were discussed by biologists, genetics analysts and bio-informaticians, but not doctors. We then interviewed team members who said they believed that the division of labour embodied in these participation frames contributes to achieving their team's goals.
INTRODUCTION
New techniques in genetics like whole exome sequencing (WES) and whole genome sequencing (WGS) enable fast, accurate and relatively cheap genome diagnostic procedures to be performed in critical medical situations. In 2014 the Department of Genetics of the University Medical Centre Groningen established the '5 genes per minute' (5GPM) project to implement these developments in diagnosing critically ill newborns. There were two goals: to reach a rapid diagnosis of newborns with a suspected genetic disease and to develop a pipeline of genetic analysis tools to support these diagnoses. The team meets for 1 h a week to discuss new patients, the results of the genetic analyses, and possible improvements and additions to the analysis pipeline. The team consists of clinical geneticists, paediatricians, molecular geneticists, laboratory staff, and of bioinformaticians. It is supported by an ethics and legal advisory board that includes a patient representative to consider incidental findings.
From the start the team were well aware that its composition could have communication consequences. The team was an unusual mix and each discipline was expected to use its own professional jargon which would only be partially understood by the other team members. The team members faced problems of how to make themselves understood to and how to understand other group members from other disciplines. This is not a unique situation, since many professionals around the world are trying to set up clinically useful pipelines for WES and WGS, mostly in a multidisciplinary setting. Research on such a team's communication strategies can therefore be useful for the genetics community as a whole.
The 5GPM team invited the Humanities Faculty, University of Groningen, to observe and analyse their communication and make recommendations on how they could best communicate with each other. This study is part of a research line into interdisciplinary collaboration and communication, primarily in a medical context. Review articles on interdisciplinary meetings such as Bokhour 1 and Youngwerth and Twaddle 2 have been published in medical journals and deal with studies in a medical context while, in contrast, the recent Cambridge Handbook of Meeting Science 3 which has contributions from a range of meeting researchers does not cover interdisciplinary meetings at all. Interdisciplinary meetings are increasingly common in the medical world and are recognised as presenting potential communication problems, thus making their communication strategies worth investigating.
Research to date has aimed to identify the factors that contribute to successful interdisciplinary communication, 4 to establish the effects of specific interventions and tools in this setting, 5 and to discover how participants in interdisciplinary meetings bring about what is called 'collective communicative competence'. 6 Unfortunately, factors that would contribute to successful interdisciplinary meetings, such as 'collaboration', 'coordination', 'pooling of resources', 'individual learning' and 'role blurring', 4 are only formulated at a general level which does not always allow participants in such interdisciplinary meetings to use them as guidelines.
Our observational study was interested in how the participants of the 5GPM project group bring about their meetings as an interactional achievement. 7 In particular, we discovered that the team did not develop a common terminology, but instead established different participation frames, 8 in which different subsets of team members discuss different aspects of their work.
Goffman introduced the concept of participation frames 8 and divided the notions of speaker and listener into a typology that recognises different ways in which a participant can be a speaker or a listener. 9 The different listener roles were particularly relevant in our study. Following Goffman 9 we distinguished between the addressee to whom talk is directly addressed and the ratified overhearer who is known and allowed to listen but who is not the primary recipient of the talk. In the course of a social gathering such as a meeting, the participation frame may change as participants change roles from speaker to addressee, to overhearer and back again.
We identified the interactional practices that were used to accomplish these participation frames such as the use of technical vocabulary, medical reasoning, joking and embodied practices 10 such as head nods and gaze. [11] [12] [13] We have also assessed how far these practices and the resulting participation frames enable the 5GPM team to achieve their goals. Based on our observations, we can now make some suggestions for other groups aiming to set up interdisciplinary meetings in the context of next generation sequencing (NGS) diagnostics.
MATERIALS AND METHODS
In order to produce a descriptive analysis of the communication in this team, we video-recorded the weekly meetings in which new patients were introduced, analyses of genetic tests were shown, diagnostic work and the clinical consequences were discussed, and in which the efficiency and further development of the 5GPM-pipeline was discussed. We recorded seven consecutive 1-h meetings (420 min total) over a period of 2 months. We used three video cameras to capture the talk and body movement of all participants during the meetings. In total, 23 individuals participated in the meetings. All participants spoke Dutch. Table 1 shows the pseudonyms of the participants described in the data extracts below and their respective fields of expertise.
For our analysis the video-recordings were synchronised and viewed on one screen in order to allow us to see all simultaneous activity in one view. A selection was made of all activities in which the team discussed either patients, genetic testing or the analysis pipeline, resulting in 210 min of video data. These were transcribed according to Conversation-Analytical (CA) transcription conventions. 14 Transcripts capture the verbal and bodily behaviour, including details like hesitations, silences, overlapping talk, intonation, head nods and gaze direction. This produces a version of the interaction that allows the analyst to spend more time on the details of an interactional process than the real-time of its actual duration. Transcripts are a methodological means that allows the detailed analysis of video-data, but they are not data in themselves. The true data is the video which means that an analysis of the transcript goes hand in hand with multiple viewings of the video.
The 210 min of video data were analysed using CA methods. CA is a theory of talk-in-interaction and offers a qualitative method for its investigation that aims to explore the methods that participants in interaction use to conduct their interactional activities. 15 These include methods for making an utterance recognisable as a particular action, 16 for talking in turns 17, 18 and for conducting activities such as giving explanations or making joint decisions. 19 In this study, we focused particularly on the methods speakers used for selecting recipients, the methods listeners used to display recipiency, and on the resulting participation frames. After having established three different frames we performed the CA method of 'deviant case analysis' 20 but did not come across cases in our data where 'unexpected' participants made a failed attempt to enter a discussion.
After finishing our CA, we presented the results to the 5GPM team and then interviewed team members from all the different disciplines so that we could gauge their views on whether the resulting participation frames contribute to successful interdisciplinary collaboration.
It is important to note that no patient details were recorded on video and that no personal details of patients or their parents were discussed during meetings. A numerical ID was used for each patient during the discussions. The 5GPM project was approved by the UMCG ethics review board (no. 2014092). All team members signed an informed consent form.
RESULTS
In general our data analysis showed that the team members present made up different participation frames during the course of a meeting, related to the topics under discussion. The general picture that emerged showed three primary formats:
(i) Discussions of patients were conducted almost exclusively by medical doctors (clinical geneticists and paediatricians), both in terms of selecting addressees and in terms of self-selecting as addressees; (ii) Discussions of the results of genetic tests were conducted by medical doctors, molecular geneticists and laboratory staff, with the exclusion of bio-informaticians; (iii) Discussions of the information technology (IT) aspects of genetic testing were conducted by bio-informaticians, molecular geneticists and lab technicians.
What follows below is a demonstration of these different communication strategies using examples from the transcripts.
(i) The patient-discussion-frame Meeting 2 had 14 participants, but when one of them introduced a new patient only a few, medically trained members participated in this report.
Vocabulary.
One means by which a speaker can select an audience and exclude others is in their choice of vocabulary. For example when paediatrician/neonatologist Pat introduced a new patient she made extensive use of medical terminology, which works to include some participants while excluding others (Box 1). In this extract, Pat talks about a 'germinal haemorrhage', a 'haemorrhagic infarct', 'premature infants' and 'at term newborns'. Later she lists the medication the child was given as 'phenobarbital, lidocaine, midazolam, levetiracetam, vigabatrin, pyridoxine, pyridoxalphosphate and folic acid'. These are all medical and pharmaceutical terms that are not necessarily familiar to the entire team present and thus the use of this terminology works to select the medical staff, who were 5 of the 13 other participants in the meeting, as a primary audience.
That the use of specific terminology works to select recipients is not always apparent in the interaction but on some occasions one of the non-medical staff asks for clarification of a medical term, such as molecular geneticist Molly in the next extract:
(2) Meeting 2: 0138-0140 After Pat says to Cindy that it may be 'asphyxia', Molly asks her to clarify the term (line 3), and gets answers from two of the doctors, Pat and Cindy.
Sometimes the recipients are selected by use of medical reasoning rather than medical terminology. In the extract below, Pat offers the argument 'And then the membranes were also ruptured for a long time.' and leaves the conclusion following from that argument unsaid. When Pat offers her argument but the conclusion is not forthcoming, Mary stops looking at the screen on which the patient's data are projected, turns to Pat (line 3) and asks her what that means (line 4). In her answer (lines 5-8), Pat treats this question as asking not what the term 'ruptured membranes' means, but why 'ruptured membranes' are relevant, and Mary confirms this interpretation by producing a stretched news receipting 'oh' (lines 9 and 12) and a subsequent 'okay' (line 14). Interestingly, we came across only two examples of questions requesting clarification in the 210 min of recorded meetings, which indicates that the non-medical participants were most probably satisfied not to understand every detail.
Gaze. As we show above, a different way in which a speaker may select a recipient is by use of eye-gaze. In the extracts above we see evidence that Pat not only uses medical terminology and implicit medical reasoning but also her gaze to address fellow medical staff rather than other participants. In extract 1, we see that Pat turns her gaze to fellow-doctor Cindy (line 5) while she talks about 'germinal haemorrhage' and that she turns her gaze to other fellow-doctor Carol (line 12) just before she uses the term 'at term newborns'.
Here we should add that Pat's turn to Carol (line 12) follows Carol's nodding response in line 10. This shows that recipiency is not only contingent on external factors such as expertise, but may also result from acting as a recipient. Although Carol is a medical expert just as much as Cindy and Pat, Pat only starts to treat Carol as a recipientby looking at her -after Carol has acted as a recipient by nodding.
Displaying recipiency. Carol's recipient behaviour in the above extract shows how participation frames are not only established by the speaker (through terminology, reasoning, or eye-gaze), but also by recipients by their explicit recipient behaviour (eg, through nodding).
This can also be seen in extract 4 below, in which Cindy is being addressed through the gaze of the speaker (line 20) but also Chris and Cara -both doctors -actively display their recipiency.
(4) Meeting 2: 0138-0140 In this extract Pat is busy reporting on further developments and testing of one of the neonates when she announces that the child appeared to have had a brain haemorrhage (line 19). Cindy, Cara and Chris, all medical doctors, engage in actions that treat this information as relevant: Cindy raises her hand and opens her mouth in a silent ohsound (line 21); Chris responds by raising his hand; and Cara looks up, gazes and points at Cindy, while Cindy points at Cara (lines 26-27) and nods twice (line 28). With these responses, Chris, Cindy and Cara display themselves as recipients of the news and as participants in this activity. These responses also indicate that the medical staff treats the haemorrhage news as being particularly enlightening -or perhaps shocking -in a way that is tacitly shared and agreed upon among themselves but not disclosed to the non-medical staff.
(ii) The test-results-discussion-frame With respect to non-medical topics, the team members present at the meeting establish different participation frames. In discussing the results of genetic lab tests, we documented several ways in which the medical staff engaged with other participants. In the first lines of extract 5 (above), we see that two of the medical doctors come to a conclusion together with Mary, a biologists with a background in molecular genetics but not in medicine and who is head of the department. Pat gives her interpretation in line 1 and 2, to which Mary adds her own interpretation (line 3) and that is confirmed by two medical doctors in lines 4 and 5. Tina, one of the genetics laboratory technicians, also presents the continuation of her report as further support of the argument given by the prior speakers with her use of 'and' (line 7). Thus, the discussion of genetic test results led to the construction of a participation frame that differed markedly from the patient discussion frame. Non-medical geneticists such as Mary, and genetic technicians such as Tina, were now seen to team up with the medical doctors in constructing common arguments and interpretations. This is further confirmed by the other participants'actions. While Tina reads the results from her computer screen (lines 7 and 14), we first see her colleague, technician Tim, confirm the report in lines 11-13, by producing an affirmative 'hmhm' and two head nods while he looks at his laptop displaying the same data, and we also see non-medical geneticist Molly collaborate in the report by supplying the word 'low' (line 15) after Tina's hesitation ('uh') in line 14, and confirming the report verbally (line 15: 'yes') and bodily by nodding at Tina (line 16).
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In terms of the participation frame, the most important question is not so much whether participants agree or disagree on reported data and their interpretation, but who is or feels called upon to display agreement and affiliation. For the discussion of test results we observed the members of this team establish a participation frame in which medical doctors, non-medical geneticists and technicians collaborated in reporting data and interpreting them, quite different from the patient discussion frame in which the medical doctors were the main protagonists.
(iii) The IT-discussion-frame A third participation frame in this team is established for the discussion of IT issues. The project's aims are to diagnose severely ill newborns and to build a pipeline of tools to accelerate the genetic analysis process in general. Interestingly, in these discussions -in this participation frame -the medical doctors in the team were almost absent.
In excerpt 6 below for example, bio-informatician Ben selects the head of genome diagnostics Mike (molecular geneticist) as a recipient for his announcement that he has developed a particular IT tool. He does this primarily by his gaze (lines 1 and 2) and by addressing Mike by name (line 2), but also possibly by referring to a database that may not be familiar to all those present. In response, Mike is not the only one who displays recipiency. Both Chris (line 6), a clinical geneticist, and non-medical geneticist Molly (line 8) also shows signs of recipiency. Despite Mike being addressed by Ben, it is Chris who responded in line 16 with a positive assessment of the news. Although Chris is one of the doctors in the team, his response identifies him in this situation as responsible for development and innovation rather than as a doctor, just as Molly identifies herself here as the 5GPM project leader. (6) In terms of participation frames the joke that Molly then makes in line 17 and the responses to it are revealing. She teases another bioinformatician, Bob, by looking at him while laughingly asking Ben if he can share his tool with Bob and then produces more laughter (line 18). Molly thus selects Bob, be it jokingly at first, as a participant to the discussion about tools and identifies him (line 22) as someoneor perhaps the person -who can insert tools into the genetic testing pipeline. From this perspective, it is also interesting that Molly's joke generates laughter only from Bob and from Tina and Tracy (lines 19, 20) , who are both technicians and work with that pipeline.
Here again we see the team establishing a topic-centred and responsibility-centred participation frame in which the IT topic is discussed by bio-informaticians and those directly involved in using the tools the bio-informaticians can develop, either because they work with the pipeline or because they are responsible for it. In this participation frame, the medical doctors are conspicuously absent, with the exception of Chris who also has a responsibility for innovation of the pipeline. Table 2 shows the participation frames and which disciplines participate in the discussion for which topics. When discussing the patient, the participants were the clinical geneticists and the paediatricians/neonatologist with the molecular geneticists participating primarily from their positions as head of the department and project leader. In the discussion of the test results representatives of all disciplines participated with the exception of bio-informatics. Finally, the discussion of IT options was conducted by the bio-informaticians, the technicians and the molecular geneticists. One clinical geneticist participated in this, but from his position as responsible for innovation of diagnostic tools. All three discussion frames involved only a subset of the disciplines. The discussion of test results was established as the core of the 5GPM project, involving most of the disciplines.
Resulting participation frames
Interviews
In order to assess the participation frames in terms of interdisciplinary quality, we presented the results of our analysis to the 5GPM team and then interviewed a selection of the participants that included representatives from all different disciplines. All interviewees assessed their interdisciplinary collaboration favourably, not only on the basis of our analysis, but also on the basis of their experience. According to these team members, the aims of the 5GPM project were well served by the division of labour that was organized spontaneously in the different participation frames. Some interviewees suggested that, since the recordings, the participation frames may have changed or been expanded to include more disciplines in each of the three discussion types. In general, they saw this as progress, although some also saw a potential risk in having participants take part in discussions outside their core-expertise, something Sims et al. 4 positively referred to as 'role blurring'. The medical doctors observed that the 5GPM collaboration is very different from interdisciplinary meetings between medical professionals of different specialties. They felt that the greater 4 called this 'individual learning'). This learning process was reported to have been established mainly in satellite meetings of small groups that were held to discuss and analyse the results for each patient before these were presented in the general team meeting.
DISCUSSION
Because NGS will have a major influence on medical diagnostic procedures worldwide, further research is needed into the work of multidisciplinary teams to establish how often such participation frames are used to solve interdisciplinary communication. Further research is also needed to show how multidisciplinary teams, as subsets or as a whole, accomplish their work processes efficiently to achieve the purpose of their meetings. In the 5GPM team, their purpose was to share information, determine a patient's diagnosis, and decide on the development of the genetic analysis pipeline and tools. The nature of our methodology with its detailed analysis of vocal and embodied interactions does not allow us to make generalizations about interdisciplinary meetings in medical contexts. Rather, in our opinion, our study offers a view on effective interdisciplinary communication, that is informative for both communication researchers and for participants in such meetings. Our observations allow them to see interdisciplinary communication as a process in which not all participants need to be equally involved at all stages. The practical message of our study for participants in any multidisciplinary team is that spontaneously excluding some participants at some stages of the team collaboration or participants excluding themselves need not interfere with the team's goals, and may even support them. This further implies that the chairman of such meetings need not enforce adjustments to this participation frame-based communication as such enforced adjustments may even prove dysfunctional. Moreover, the methodology we have used suggests that communication researchers could start by looking at how professionals actually deal with the challenges they face, before we impose our own ideas of what interdisciplinary communication should look like.
Compared to earlier research on interdisciplinary meetings -see Bokhour 1 and Youngwerth and Twaddle 2 for overviews -our study has two new aspects. In terms of its methodology we took a descriptive rather than a normative or evaluative stance. Even though the aim of the study was to assess the quality of the team's communication, our Conversation-Analysis methodology focused on how participants in interdisciplinary meetings deal with the issues arising with several disciplines. In terms of our results, we have shown that successful interdisciplinary collaboration in meetings does not imply that all the participants have access to all communication processes, nor will they participate in all of them. Rather than having established one language-for-all or a 'collective communicative competence', 6 the 5GPM team has been shown to work with different participation frames for different communicative purposes, related to differences in disciplines and institutional responsibility, which arose ad hoc and which were somewhat fluid.
CONCLUSION
Extensive interdisciplinary collaboration for NGS includes the task of dealing with communication differences between the various disciplines and groups or individuals who have not physically collaborated before. The 5GPM project at UMCG needed to establish a multidisciplinary collaboration between clinical geneticists, paediatricians, molecular geneticists, technicians and bio-informaticians. Their question was: 'How do we manage to communicate across our interdisciplinary differences?'.
To answer this question we made video recordings of seven consecutive 1-h meetings held weekly from October to December 2014 and analysed these videos to study how the team communicated. This led to a mixed picture of a team that both does and does not communicate across disciplinary boundaries. Instead of having developed a mode of communication in which all different disciplines can participate, the team appeared to have developed, and continued to establish, different participation frames for discussing different topics.
Our analysis shows that these participation frames are, on the one hand, relatively stable, while, on the other hand, they are emergent categories in the sense that they are composed ad hoc in the context of the team's meetings. The participation frames do not exist prior to the interaction which implies that they can also change over time. As we have seen, the participants were established by the actions of both the speakers and the listeners.
Participation appeared to be organized with an orientation to expertise and responsibility. In terms of expertise, we saw that the medical doctors made no effort to include those who were not medical doctors, neither in their choice of addressees, nor in use of vocabulary or reasoning. Although it should be added that the non-medical team members might not have been able to discuss phenotypes, treatment or diagnosis, not in terms of their expertise, nor of their responsibilities. In the same manner, the absence of medical doctors taking part in the IT discussion on aspects of the genetic analyses pipeline reflected not only the use of technical jargon by the bio-informaticians and the medical doctors' lack of expertise in this field, but also the fact that the pipeline was not their responsibility. From this perspective, it should not be a surprise that the participation frame with the most participating disciplines was organized around the topic at the core of the team's activities and shared responsibility: genetic testing and data interpretation.
